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wherein R is alkyl having 1 to 3 carbon atoms, and the 
pharmaceutical^ acceptable acid addition salts thereof are 
disclosed. They exhibit excellent in vivo antibacterial activity 
against Gram-positive bacteria and Mycoplasma species. 
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DESCRIPTION 

The present invention relates to novel antibacterial 
agents. More specifically, it is concerned with novel 11-0- 
alkylerythromycin A derivatives having _in vivo antibacterial 
activity against Gram-positive bacteria and Mycoplasma 
species. 

The present invention is based on the discovery that 
new erythromycin A derivatives having 11-0-alkyl substituents 
exhibit higher in vivo antibacterial activity than other 
closely analogous compounds such as erythromycin A against 
Gram-positive bacteria. 

The compounds of the present invention are an 
erythromycin A derivative of the general formula 




I 



wherein R is alkyl having 1-3 carbon atoms, and 
pharmaceutical^ acceptable acid addition salts thereof. 

Most preferred compound of the present invention is 
that of formula I wherein R is methyl gruop. 
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The pharmaceutical^ acceptable acid addition salts of 
the compounds of formula I include salts with inorganic acids 
such as hydrochloric acid, hydrobroraic acid, hydroiodic acid f 
nitric acid, sulfuric acid, sulfurous acid, phosphoric acid 
and the like, or organic acids such as formic acid, acetic 
acid, propionic acid, butyric acid, lactic acid, citric acid, 
malic acid, glycolic acid, tartaric acid, succinic acid, 
maleic acid, fumalic acid, gluconic acid, stearic acid, 
manderic acid, benzoic acid, methanesulfonic acid, 
aminoethanesulfonic acid, p-toluenesulfonic acid, gultamic 
acid, and aspartic acid* 

The compounds of formula I may be prepared, for example, 
by the following processes: Namely, a compound of the formula: 




CH. OCH 



is reacted with an alkylating agent such as methyl iodide, 
ethyl iodide, propyl iodide, dimethyl sulfate, methyl p- 
toluenesulfonate and the like, in the presence of a suitable 
base in a solvent in order to effect alkylation of the 
compound of formula II to give a compound of the formula 
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in 



CH 3 0CH 3 

wherein R is defined above. 

Examples of the base used in alkylation are alkali 
metal hydrides, e.g., lithium hydride, sodium hydride or 
potassium hydride; alkali metal amides, e.g., lithium amide, 
sodium amide or potassium amide; butylli thium; lithium 
diisopropylamide and the like. 

The solvents used include inert solvents in which the 
compound of formula II is dissoved, for example, polar aprotic 
solvents such as N ,N-dimethylf ormamide , N,N-dimethylacetamide , 
dimethylsulf oxide , hexamethylphosphor ic triamide and the like, 
preferrably N,N-dimethylformamide. 

In alkylation, 5-10 moles of the alkylating agent, 
and 1-2 moles of the base are employed per mole of the 
compound of formula II. The reaction proceeds at the 
temperature ranging from -78 °C to room temperature, preferably 
from -10 °C to 5 °C. 

The compound of formula III thus obtained may be worked 
up in a conventional manner, if desired, further purified by 
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recrystallization or column chromatography. 

The compound of formula III is subjected to catalytic 
reduction according to the method reported by E. H. Flynn et 
al. in Journal of the American Chemical Society, 77, page 
3104(1955) in order to eliminate the benzyloxycarbonyl groups, 
and then subjected to further catalytic reduction in the • 
presence of excess formaldehyde to effect N-methylation, thus 
giving the compound of formula I. 

The intermediate thus obtained by catalytic reduction 
for the above elimination may be used without isolation, or 
after isolation in a conventional manner for N-methylation. 

Alternatively, when used the alkylating agent which 
hardly forms a quartanary ammonium salt with the 3'- 
dimethylamino group, the compound of formula I may be directly 
prepared by alkylation of erythromycin A with the above base 
and solvent. 

Purification of the compound of formula I may be carried 
out by recrystallisation or column chromatography. 

The pharmaceutical^ acceptable acid addition salt of 
the compound of formula I may be obtained by treating the 
compound of formula I with one mole equivalent of the 
corresponding acid described above in an inert solvent such as 
water, acetone , methanol and ethanol. The salts thus obtained 
are collected by filtration if they are insoluble in the inert 
solvent, by precipitation by addition of a non-solvent for the 
salt, or by evaporation of the solvent. 

The starting material of formula II can be prepared 
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according to the above-described method of E. H. Flynn et al. 

The compounds of the present invention have excellent 
in vivo antibacterial activity against Gram-positive bacteria 
and Mycoplasma species, therefore, they can be used as the 
antibacterial agents in mammals. For these " purposes, a 
compound of formula I may be administered orally or parenterally 
in a conventional dosage form such as tablet, capsule, powder, 
troche, dry mixes, ointment, suspension or solution prepared 
according to conventional pharmaceutical practices. - 

The compounds of formula 1 can be administered at a 
dosage of from about 1 mg/kg to about 100 mg/kg of body weight 
per day. The preferred dosage range is from about 2 mg/kg to 
about 25 rag/kg of body weight per day. 

The compounds of the present invention have excellent 
low toxicity. The LD 50 value in mice is in excess of 5000 
mg/kg of .body weight. 

Following is a description by way of example only of 
methods of carrying the invention into effect. 

Exaiqple 1. 

(1) In 80 ml of N ,N-dimethylf ormamide were dissolved 19.8 

g of 2 , -0-benzyloxycarbonyl-N-benzyloxycarbonyl-des-N- 
metbylerythromycin A and 8.4 ml of methyl iodide. The 
solution was stirred under cooling at 0 - 2 *C in a nitrogen 
stream and 1.21 g of 50 % sodium hydride dispersion were added 
thereto in small portions. Stirring was continued for a 
further 30 minutes. 
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After completion of the reaction, 25 ml of triethylamine 
were poured into the reaction mixture with stirring under ice- 
cooling, and 300 ml of ethyl acetate and 150 ml of a saturated 
aqueous sodium chloride solution were added. The ethyl acetate 
layer was collected, washed with a saturated aqueous sodium 
chloride solution, and dried over anhydrous magnesium sulfate. 

After evaporation of the solvent, the residue was then 
applied to a column chromatography (silica gel 60 for column 
chromatography produced by E. Merck Darmstadt, 70 - 230 mesh, 
<J 5.4 x 50 cm; and a mixture of ethyl acetate and n-hexane (1: 1) 
as a developing solvent) , and 15 ml each of fractions were 
collected. Thin layer chromatography (silica gel 60 F254 
produced by E. Merck Darmstadt, and a mixture of ethyl acetate 
and n-hexane (1:1) as a developing solvent) was applied to the 
detection of the product for each fraction, the fractions having 
a spot at Rf value of 0.09 were collected (cf., Rf value of 
the starting material 0.07), and the solvent was evaporated in 
vacuo to give 14.2 g of a colorless foam. Recrystallization 
from ether gave 11.7 g of the compound of formula III wherein* 
R is methyl. 

m.p. 150.5 - 153.5 °C (with decomposition) * 
Mass (m/e) : 1001 (M + ) 

IR vj|x CItrl : 3520 ' 3500 ' 3420 ' 1755 ' 1732 ' 1703f 1685 
lH-NMR(CDCl 3 ) : 6=3.47(3H) 



(2) 



In 10 ml of dry N,N-dimethylf ormamide were dissolved 2 
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g of 2'-0-benzyloxycarbonyl-N-benzyloxycarbonyl-des-N- 
methylerythromycin A and 1 ml of dimethyl sulfate. The 
solution was stirred under cooling at 0 - 2 °C in a nitrogen 
stream, and 115 mg of 50 % sodium hydride dispersion was added 
thereto in small portions. Stirring was continued for a 
additional 30 minutes. 

After completion of the reaction, the reaction mixture 
was worked out by the similar procedure to that of item(l) to 
give 1.4 g of the same compound as obtained in item(l) . 
(3) In 20 ml of a mixture of dry dimethylsulfoxide and 

tetrahydrofuran(l:l) were dissolved 1.7 g of 2'-0- 
bezyloxycarbonyl-N-benzyloxycarbonyl-des-N-methylerythromycin 
A and 1 ml of methyl iodide. Methylation was carried out by 
the same procedure as that of item(l) f except for the use of 
192 mg of 50 % sodium hydride dispersion in place of 1.21 g of 
one to give 0.9 g of the same compounds as obtained in item(l). 
(4) In a mixture of 1.2 ml of acetic acid, 60 ml of water 

and 300 ml of ethanol were dissloved 6 g of the compound of 
formula III obtained in item(l) and 2 g of sodium acetate. 
0.6 g of palladium black was added, and the mixture was stirred 
for 5 hours at ambient temperature under atmospheric pressure 
in a gentle hydrogen stream to effect catalytic reduction. 
Into the resulting mixture was poured 20 ml of 37 % aqueous 
formaldehyde solution, and catalytic reduction was continued 
for a further 7 hours. 

After completion of the reaction, the catalyst was 
filtered off and the filtrate was concentrated in vacuo to 
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approximately a quarter volume, to which were added 100 ml of 
water and an aqueous sodium carbonate solution to adjust to 
about pH 10. The mixture was extracted thoroughly with 
dichlorozne thane, the extract was washed with water and dried, 
and the solvent was distilled out* 

The residue thus obtained was recrystallized from a 
mixture of acetone and petroleum ether, giving 3.73 g of 11- 
O-raethylerythromycin A. 

ia. p. 182 - 185 °C (with decomposition) 

Elemental analysis (for C38H59NO13) 

Calcd. (%): C, 61.02; H, 9.30; N, 1.87 
Found. (%): C, 61.09; H, 9.46; N, 1.82 

FD-Mass (m/e) : 747 (M + ) 

Ir vjJBi: cm-1 : 3500, 3440, 1738, 1732, 1705 

lH-NMR(CDCl 3 ) : 5= 2.30, 2.32(6H), 3.30, 3.35, 

3.37, 3.48(6H) 

-NMR data indicates that this product is a mixture of 
the tautomers, ie., hydroxyketone and hemi-acetal, when being 
dissolved in CDCI3 . 

Example 2. 

In 40 ml of dry N,N-dimethylformamide were dissolved 
7.3 g of erythromycin A and 4 ml of ethyl iodide. The solution 
was stirred under cooling at 0 - 5 °C in a nitrogen stream, and j 
594 mg of 50 % sodium hydride dispersion was added thereto in 

1 
1 
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small portions with stirring. Stirring was continued for a 
further 30 minutes. 

After completion of the reaction, 10 ml of tr iethylamine 
were poured into the reaction mixture under ice-cooling, and 
200 ml of ethyl acetate and 100 ml of a saturated aqueous 
sodium chloride solution were added. The ethyl acetate layer 
was collected, washed with a saturated aqueous sodium chloride 
solution, and dried over anhydrous magnesium sulfate. 
Evaporation of the solvent left the residue, which was then 
applied to a silica gel column chromatography (silica gel 60 
silanized for column chromatography produced by E. Merck 
Darmstadt, 70 -230 mesh; and a mixture of chloroform and 
methanol (9:1) as a developing, solvent) to give a colorless 
foam. Recrystallization from a mixture of acetone and 
petroleum ether gave 3.1 g of 11-0-ethylerythromycin A. 

m.p. 123.5 - 126.5 °C (with decomposition) 

Elemental analysis (for C39H71NO13) 

Calcd. {%): C r 61.47; H, 9.39; N, 1.84 
Found. (%): C, 61.13? H, 9.29; N, 1.83 

Mass (m/e) : 761 (M + ) 

IR v£!x cnrl : 3460, 1735 

lH-NMR(CDCl 3 ) : 6= 2.38, 2.33(6H), 3.38, 3.33(3H) 

!h-NMR data indicates that this product is a mixture of 
the tautoraers, ie., hydroxyketone and hemi-acetal, when being 
dissolved in CDCI3 . 
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Example 3. 

Following the similar treatment to that of Example 2 
using 11 g of erythromycin A and 16 g of n-propyl iodide, 6.6 g 
of 11-0-n-propylerythromycin A as crystals, 
m.p. 121.5 - 125.5 °C 
Elemental analysis (for C40H73NO13) 

Calcd. (%): C # 61.91; H, 9.48; N, 1.81 
Found. (%): C, 61.63; H f 9.39; N r 1.76 
Mass (ro/e) : 775 (M+) 
IR v X*l cm-1 : 3440, 1730 

lH-NMR(CDCl 3 ) : 6= 2.32 f 2.34(6H), 3.32, 3.37(3H) 

1h-NMR data indicates that this product is a mixture of 
the tautomers, ie., hydroxyketone and hemi-acetal, when being 
dissolved in CDCI3 . 

The following experiment illustrates in vivo 
antibacterial activity of the compound of the present invention. 

Experiment 

Male ddY mice weighing 20 - 23 g in groups 20 each were 
inoculated with Staphylococcus aureus Smith No. 4 (10 7 cells 
per mouse, i.p.). Erythromycin A was used as a control, the 
compound of formula I wherein R is methyl group ("compound l n ) 
was administered orally at one hour after inoculation, and the 
number of living mice for seven days after administration was 
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calculated to determine the in vivo antibacterial activity. 
The results are shown in the following table. 



In vivo Antibacterial Activity 


[The Number of Surviving Mice] 


* — ^ Test 
dose ^Compound 
(mg/mouse) — 


Compound 1 


Erythromycin A 


4 


20 


20 


2 


20 


18 


1 


12 


8 


0.5 


6 


4 
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CLAIMS 

■ i - 

1. An erythromycin A derivative of the' formula 




wherein R is alkyl having 1 to 3 carbon atoms, and the 
pharmaceutically acceptable acid addition salts thereof. 

2. A compound according to claim 1 wherein R is 

methyl group. 

3^ A compound according to claim 1 wherein R is 

ethyl group. 

4. A compound according to claim 1 wherein R is 

propyl group. 

5 # A compound as claimed in any preceding claim 

wherein the compound is in the form of an addition salt 
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selected from one or more of hydrochloric acid, hydro- 
bromic acid, hydroiodic acid, nitric acid, sulfuric 
acid, sulfurous acid, phosphoric acid, organic acid, 
formic acid, acetic acid, propionic acid, butyric 
acid, lactic acid, citric acid, malic acid, glycolic 
acid, tartaric acid, succinic acid, maleic acid, ■ 
fumalic acid, gluconic acid, stearic acid, manderic' 
acid, benzoic acid, methanesulfonic acid, aminoethane- 
sulfonic acid, p-toluenesulfonic acid, gultamic acid 
and aspartic acid. 

6. A pharmaceutical composition comprising a 
compound as claimed in any preceding claim together 
with a pharmaceutically inert deluent therefor. 

7. A compositions as claimed in claim 6 wherein 
the dosage is 1 mg to 100 mg/kg body weight per day, 

8. A method of preparing the derivative of 
claim 1 wherein a compound of general formula II 
hereinbefore set forth is reacted with an alkylating 
agent in the presence of a suitable base in a solvent 
to obtain an intermediate compound having the general 
formula III hereinbefore set forth and thereafter 
subjecting said intermediate to catalytic reduction 
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to eliminate the benzyloxycarbonyl groups and then 
effecting further catalytic reduction in the presence 
of excess formaldehyde to effect N-methylation to 
produce a compound in accordance with formula I. 

9. A method as claimed in claim 9 wherein in 
alkylation 5 to 10 moles of alkylating agent and 1 

to 2 moles of base per mole of compound of formula II 
are employed. 

10. A method as claimed in claim 8 or claim 9 
wherein the alkylation reaction is carried out at 
temperatures from -78°C to ambient temperature. 
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